Introduction
============

Hepatocellular carcinoma (HCC), an aggressive malignancy of liver, is the fifth most frequent form of cancer and the third cause of cancer mortality worldwide.[@b1-ott-9-1721],[@b2-ott-9-1721] Over 80% of cases occur in East Asia and sub-Saharan Africa, and the incidence is still increasing in Europe[@b3-ott-9-1721] and the United States.[@b4-ott-9-1721] Studies have shown that HCC results in 650,000 or more deaths per year worldwide, three-quarters of the deaths occur in the East Asian countries.[@b5-ott-9-1721],[@b6-ott-9-1721] Locally metastatic or advanced HCC patients face a dismal outcome. Diverse therapy strategies are available, including surgical resection, radiotherapy, and chemotherapy, as well as liver transplantation.[@b7-ott-9-1721],[@b8-ott-9-1721] Although more than 70% of patients in early stage can have a 5-year survival rate, their recurrences of HCC are inevitable,[@b9-ott-9-1721],[@b10-ott-9-1721] which makes long-term outcome still unsatisfactory even after curative hepatectomy.[@b11-ott-9-1721]

Signal transducers and activators of transcription (STAT) can regulate hematopoietic process and have influence on interacting tumor cells with their immune microenvironment through suppression or induction of growth factors and specific cytokines.[@b12-ott-9-1721],[@b13-ott-9-1721] Extensive studies have shown that STAT3 and STAT5 play a crucial role in tumor cell proliferation.[@b12-ott-9-1721],[@b14-ott-9-1721] Besides, STAT5 and STAT6 could upregulate genes which are important for HCC cell proliferation.[@b12-ott-9-1721],[@b15-ott-9-1721] However, studies focused on STAT4 are limited. A very recent study conducted in human beings by Jiang et al[@b16-ott-9-1721] demonstrated that expression level of STAT4 mRNA in HCC tissues was downregulated. However, the clinical role and molecular mechanism of STAT4 in HCC have not been investigated extensively. Hence, we focused on studying the association between the expression of STAT4 and clinicopathological features in HCC patients in this study. A mini meta-analysis was also performed to investigate whether STAT4 was linked to the progression of different cancers. The effect of STAT4 on HCC cell growth and apoptosis was further investigated by in vitro experiments.

Materials and methods
=====================

Tissue samples
--------------

HCC tissues and corresponding paraneoplastic liver tissues (n=171), cirrhosis liver tissues (n=37), and normal liver tissues (n=33) were collected. All tissues were formalin fixed and paraffin embedded (FFPE). All patients underwent hepatectomies, and tissues of HCC patients were obtained before cancer-related therapies. Included patients were randomly selected from those who underwent the hepatic surgeries in the First Affiliated Hospital of Guangxi Medical University, the People's Republic of China during March 2010 to December 2012. All patients were between 29 and 82 years of age, with a mean age of 52 years. Adjacent noncancerous livers were more than 2 cm away from the tumor node. Tumor size ranged from 1 to 11 cm, with a mean diameter of 6.4 cm. Of the 171 HCC patients, 104 patients were followed up; the median time of being followed up was 32.78 months (ranged from 2.68 to 68.00 months). Sixteen patients had recurrent tumor, and 88 were dead or censored in the end. The study was approved by the Ethical Committee of the First Affiliated Hospital of Guangxi Medical University, and written informed consents were signed by the patients and doctors to use the samples for research. Two pathologists independently conducted blind tests on all tissue samples.

Immunohistochemistry
--------------------

Antibody of STAT4 was provided by Santa Cruz Biotech Company, CA, USA (mouse monoclonal antihuman STAT4 antibody, PL-68, 1:300 dilution). All stained tissues were reviewed and scored by two pathological doctors independently without any clinical information of patients. Positive cells percentage was scored as 0 (0%), 1 (1%--25%), 2 (26%--50%), 3 (51%--75%), and 4 (76%--100%). Intensity of staining was scored as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong).[@b17-ott-9-1721] Final score of each case was the result of the positive score multiplied by the intensity score. Score more than 2 was considered as positive.

Meta-analysis
-------------

To compare and comprehend the clinical value of STAT4 in different malignancies, a meta-analysis was then performed. Relevant literatures were searched from the following databases: PubMed, Web of Science, EMBASE, Cochrane Library, China National Knowledge Infrastructure, Chongqing VIP, Wanfang, and Chinese Biomedical Literature Database, with the search strategy as ("STAT4" OR "STAT-4" OR "SLEB11" OR "signal transducer and activator of transcription 4") AND ("tumor" OR "tumour" OR "cancer" OR "carcinoma" OR "sarcoma" OR "neoplasia" OR "neoplasm" OR "malignan^\*^"). The last update time was October 31, 2015. Inclusion criteria were as follows: 1) Study tested the expression of STAT4 in malignant tissues. 2) Study assessed the relationship between STAT4 levels and clinicopathological features. 3) The written language of literatures must be English or Chinese.

The extracted information include first author name, published year, region, type of malignancy, case quantity, test method of STAT4, cutoff value, and clinicopathological features reported by each study. The quality of included literatures was assessed by Newcastle--Ottawa quality assessment scale. Fixed-effect model was used to calculate odds ratios (ORs) and their 95% confidence intervals (CIs) when heterogeneity among studies has no statistical significant (*P*=0.05); otherwise, random effect model was conducted. Analysis was performed with Stata 12.0 software (StataCorp LP, College Station, TX, USA).

Cell culture
------------

HepG2 and HepB3 cell lines were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA), cultured in Dulbecco's Modified Essential Medium (Invitrogen Corp., Grand Island, NY, USA). Fetal bovine serum (10% heat-inactivated, Invitrogen Crop), 2 mM glutamine, and gentamicin were supplied in media. Cells were grown in the environment with 37°C temperature, 5% CO~2~ and 100% humidity. The expression of STAT4 in human HCC cell lines HepG2 and HepB3 was detected by Western blot (data not shown). HepG2 showed higher STAT4 expression than HepB3 cell line according to the result, so HepG2 cell line was used for further in vitro experiments. All in vitro experiments were repeated three times.

Knockdown of STAT4 in HepG2 cells
=================================

HepG2 cells were seeded in a 96-well (2.5×10^3^ cells per well) or 24-well (2.5×10^4^ cells per well) plate, incubated at 37°C for 24 hours, then the cells were transfected with STAT4 small interfering RNA (siRNA) pool, with a final concentration of 200 nm/L, combiMAGnetofection (OZ BIOSCIENCES, Marseille cedex 9, France) was used according to manufacturer's instruction. The STAT4 siRNA pool contains four siRNAs. The sequences are shown in [Table 1](#t1-ott-9-1721){ref-type="table"}. Among them, STAT4 siRNA-1537 (siSTAT4-1537), siSTAT4-2281, and siSTAT4-2314 were reported by Lv et al,[@b18-ott-9-1721] while siSTAT4-1134 was designed according to Reynolds et al's work.[@b19-ott-9-1721] Four STAT4 siRNAs were compared to identify regions of similarity using BLAST <http://blast.ncbi.nlm.nih.gov/Blast.cgi>. Cells transfected with STAT4 scrambled siRNAs were regarded as negative control. Besides, mock and blank controls were also set up in the experiments. Samples of cell were harvested at 0, 48 and 96 hours after transfection and analyzed further.

Western blotting
----------------

The cells in all groups were collected after transfection for 96 hours. The process was performed as previously reported.[@b20-ott-9-1721]--[@b22-ott-9-1721] The membrane was incubated with anti-human STAT4 rabbit polyclonal antibody (Abcam, Cambridgeshire, UK) at a dilution of 1:500 and β-actin antibody (Sigma-Aldrich, St Louis, MO, USA) at a dilution of 1:2,000 as control. Chemiluminescence detection assay was performed after incubation.

Cell viability
--------------

Cell viability was determined by fluorimetric detection of resorufin (CellTiter-Blue Cell Viability Assay, G8080, Promega, Madison, WI, USA). The manufacturer's protocol was followed for the procedure. FL600 fluorescence plate reader (Bio-Tek, Richmond, VA, USA) was used for fluorimetry (ex: 560 nm/em: 590 nm). Results were the fluorescence value of sample/mock control ×100%.

Cell proliferation
------------------

Colorimetric tetrazolium (MTS) assay (CellTiter96 AQueous One Solution Cell Proliferation Assay G3580, Promega) was used to assess the proliferation of cells. MTS reagent (20 μL) was added to each well after transfection. The cells were incubated for 2 hours at 37°C in a humidified and 5% CO~2~ atmosphere. Absorbance at 490 nm was documented using a microplate reader (Scientific Multiskan MK3, Thermo Fisher Scientific Oy, Vantaa, Finland). The results were expressed as the absorbance of sample/absorbance of mock control ×100%.

Fluorescent microscopy evaluation of cell growth, apoptosis, and morphology
---------------------------------------------------------------------------

Cell growth and apoptosis were also monitored by Hoechst 33342 (Sigma-Aldrich) and propidium iodide (PI, Sigma-Aldrich) double fluorescent chromatin staining. Absolute number of different cells would be determined by this method, the brief principle was as following: necrotic cells (PI positive with debris signals), late apoptotic cells (Hoechst 33342 positive/PI positive, with red fragmentations in the cells), early apoptotic cells (Hoechst 33342 positive/PI negative with blue fragmentations in the cells), and viable cells (Hoechst 33342 positive/PI negative).[@b23-ott-9-1721] Cells in different states (necrotic, apoptotic, and viable) were counted under the 200× magnification, and each type of cells was calculated in ten diverse fields in each well. The final results were shown by mean values and were compared with the mock control group.

Caspase-3/7 activity detection
------------------------------

Caspase-3/7 activity was tested using a synthetic Rhodamine-labeled caspase-3/7 substrate (Apo-ONE^®^ Homogeneous Caspase-3/7 Assay, G7790, Promega), which was manipulated proximately after the detection of cell viability, as the instructions of the manufacturer pointed out. After incubation for 60 minutes at room temperature, the fluorescence of each well was detected (excitation: 499 nm/emission: 512 nm) by a FL600 fluorescence plate reader. Caspase-3/7 activity was expressed as fluorescence of treated sample/mock control.[@b22-ott-9-1721]

Statistical analysis
--------------------

SPSS 20.0 was used for statistical analysis. Kruskal--Wallis *H*-test was used to test difference among three or more groups. Mann--Whitney *U*-test was used for the comparison between two groups. The association between STAT4 expression level and clinicopathological features was assessed by Spearman's rank correlation. Receiver operating characteristic (ROC) curves were graphed to evaluate the significance of STAT4 in distinguishing the HCC from noncancerous tissues. Survival analysis was performed by Kaplan--Meier method, and the survival between groups was estimated with log-rank test. One-way analysis of variance (one-way ANOVA) was used in experiments in vitro. If pairwise comparison was needed, least significance difference test (LSD) was used. It was regarded as statistically significant when *P*\<0.05, *P*-value was derived from two-tailed tests.

Results
=======

STAT4 expression in different liver tissues
-------------------------------------------

Positive rate of STAT4 expression was 29.2% (50/177) in HCC tissues, 53.2% (91/177) in the paired adjacent noncancerous tissues, 64.9% (24/37) in cirrhosis tissues, and 72.7% (24/33) in normal tissues, respectively ([Table 2](#t2-ott-9-1721){ref-type="table"}). Expression of STAT4 was positive in noncancerous liver tissues ([Figures 1A--C](#f1-ott-9-1721){ref-type="fig"} and [2](#f2-ott-9-1721){ref-type="fig"}), while weak signal was detected in HCC tissues ([Figures 1D](#f1-ott-9-1721){ref-type="fig"} and [2](#f2-ott-9-1721){ref-type="fig"}). Kruskal--Wallis *H*-test revealed that the expression of STAT4 was significantly different in four types of liver tissues. (*H*=37.635, *P*\<0.05). Paired comparisons were performed using Mann--Whitney *U*-test. Significant difference was observed between the HCC group and paired noncancerous group (*Z*=−4.497, *P*\<0.001). Besides, Spearman's rank correlation analysis exhibited a positive correlation between STAT4 expression and status of liver tissues (*r*=0.302, *P*\<0.001) ([Table 2](#t2-ott-9-1721){ref-type="table"}). Furthermore, ROC curve was analyzed to confirm the diagnostic value of STAT4 expression in HCC. The area under curve of STAT4 was 0.563 (95% CI =0.506--0.619, *P*=0.030), with a low clinical value of diagnosis.

Association between STAT4 and clinical features in HCC patients
---------------------------------------------------------------

Correlations of STAT4 expression and other clinicopathological features including age, sex, number of tumor nodes, clinical TNM stage, portal vein tumor embolus, AFP level, and cirrhosis were assessed in 171 HCC cases ([Table 2](#t2-ott-9-1721){ref-type="table"}). STAT4 positive rate was remarkably higher in younger group than that in older group when the cutoff year was 50 (*Z*=−2.554, *P*=0.011) ([Table 3](#t3-ott-9-1721){ref-type="table"}). Females had a higher level of STAT4 expression compared to males (*Z*=−2.587, *P*=0.010). Patients with single tumor node had a higher level of STAT4 expression than those with multiple tumor nodes (*Z*=−3.542, *P*\<0.05). The expression of STAT4 was remarkably greater in early stage (I and II) than in advanced stage (III and IV) (*Z*=−2.971, *P*=0.003). When considering portal vein tumor embolus, patients without embolus had a remarkably higher level of STAT4 expression than those who had embolus (*Z*=−3.281, *P*=0.001). α-Fetoprotein (AFP)-positive patients had higher STAT4 expression compared to AFP-negative patients (*Z*=−2.212, *P*=0.027). Patients without cirrhosis had a remarkably higher expression level of STAT4 than those with cirrhosis (*Z*=−3.168, *P*=0.002).

Further analysis by Spearman's rank correlation elucidated that the expression of STAT4 was significantly correlated with sex (*r*=0.198, *P*=0.009), number of tumor nodes (*r*=−0.313, *P*=0.000), clinical TNM stage (*r*=−0.228, *P*=0.003), portal vein tumor embolus (*r*=−0.290, *P*=0.001), AFP level (*r*=−0.212, *P*=0.026), and cirrhosis (*r*=0.243, *P*=0.001) ([Table 2](#t2-ott-9-1721){ref-type="table"}).

Recurrence analysis
-------------------

Patients with negative STAT4 expression had a mean recurrence-free survival time of 56.811 months (95% CI =51.071--62.550), while patients with positive STAT4 expression only had 47.747 months (95% CI =50.890--61.044). However, no significant change was noted between two groups (*χ*^2^=0.496, *P*=0.481, [Figure 3](#f3-ott-9-1721){ref-type="fig"}).

Meta-analysis of STAT4 in cancers
---------------------------------

Three studies of HCC (including the current study), one study on primary hepatocarcinoma, one study on gastric adenocarcinoma, and one study on non-small-cell lung cancer[@b14-ott-9-1721],[@b24-ott-9-1721]--[@b27-ott-9-1721] were included in mini meta-analysis. The different expression levels of STAT4 in cancer tissues and noncancerous tissues were analyzed. Meanwhile, the association between the expression of STAT4 and clinicopathological features including metastasis, differentiation, sex, TNM stage, the number of tumor nodes, and age of patients were analyzed. In subgroup analysis, the relationship between STAT4 level and AFP, hepatitis B virus (HBV) status, and vascular invasion status of HCC patients was analyzed. The final result showed that the expression of STAT4 between cancer and noncancerous tissues had no difference (OR =1.33, 95% CI =0.33, 9.88, *P*=0.494) ([Figure 4A](#f4-ott-9-1721){ref-type="fig"}). The expression of STAT4 was found discrepant in different TNM stages (I--II versus III--IV) (OR =0.50, 95% CI =0.30, 0.83, *P*=0.008) ([Figure 4B](#f4-ott-9-1721){ref-type="fig"}), different age stage (OR =0.58, 95% CI =0.38, 0.95, *P*=0.032) ([Figure 4C](#f4-ott-9-1721){ref-type="fig"}), and different serum AFP level in HCC patients (OR =1.76, 95% CI =1.06, 2.94, *P*=0.03) ([Figure 4H](#f4-ott-9-1721){ref-type="fig"}). No evidence showed any relationship between STAT4 and other clinicopathological features ([Figure 4D--H](#f4-ott-9-1721){ref-type="fig"}).

STAT4 siRNAs promote proliferation and inhibit apoptosis in HepG2 cells
-----------------------------------------------------------------------

Transfected efficiency was confirmed by Western blotting ([Figure 5](#f5-ott-9-1721){ref-type="fig"}). The viability of HepG2 cells transfected with STAT4 siRNA was increased significantly in 48 hours (*P*\<0.05) and 96 hours (*P*\<0.01) compared with blank control and negative siRNA control when tested using CellTiter-Blue Cell Viability Assay ([Figure 6A](#f6-ott-9-1721){ref-type="fig"}). To verify the result of viability assay, viable cells were counted by microscopy after they were stained with Hoechst 33342 and PI ([Figures 6B](#f6-ott-9-1721){ref-type="fig"} and [7](#f7-ott-9-1721){ref-type="fig"}), and cell proliferation was determined by MTS tetrazolium assay ([Figure 6C](#f6-ott-9-1721){ref-type="fig"}). Both results showed consistent tendency with viability assay. To estimate the effect of STAT4 on cell apoptosis, human HCC cells were observed microscopically after Hoechst 33342 and PI staining. STAT4-siRNA-transfected cells showed an apoptosis resistance tendency at 96 hours incubation when compared with blank control (*P*\<0.01) and negative siRNA control (*P*\<0.01) ([Figure 8A](#f8-ott-9-1721){ref-type="fig"}). Meanwhile, fluorescent caspase-3/7 assay was performed. The result showed that the activity of caspase 3/7 was reduced in STAT4 siRNA group when incubated for 96 hours, with a *P*-value less than 0.01 when compared with blank and negative siRNA control groups ([Figure 8B](#f8-ott-9-1721){ref-type="fig"}).

Discussion
==========

HCC is an aggressive solid malignancy in humans and is becoming a serious health threat with increasing morbidity and mortality.[@b28-ott-9-1721],[@b29-ott-9-1721] As relative genomic and molecular technology develops, some biomarkers for HCC diagnosis and treatment was discovered.[@b30-ott-9-1721] However, sensitive biomarkers which are able to diagnose HCC in early stage and predict prognosis of HCC patients are needed. In this research, we aimed at seeking the potential diagnostic and prognostic value of STAT4 in HCC.

When exploring the diagnostic value of STAT4 in HCC by IHC, we found that STAT4 expression level was lower in HCC tissues than in noncancerous liver tissues. Consistent with our study, Wubetu et al[@b14-ott-9-1721] and Wang et al[@b27-ott-9-1721] found that STAT4 expression in HCC tissues was lower than that in paired adjacent noncancerous tissues. Additionally, in genome-wide association study, STAT4 single nucleotide polymorphism (SNP) rs7574865 was significantly associated with HCC,[@b28-ott-9-1721],[@b31-ott-9-1721] and STAT4 was expressed at low levels in HCC subjects when tested by quantitative real-time polymerase chain reaction[@b16-ott-9-1721] and microarray.[@b32-ott-9-1721] However, Chen et al[@b33-ott-9-1721] found no relationship between rs7574865 and HCC. A meta-analysis indicated no statistically significant alteration regarding the expression of STAT4 in cancer tissues and noncancerous tissues. Inconsistent results suggested that more studies on STAT4 in HCC are needed in the future. Except for HCC, STAT4 was found relevant in other malignancies like colon and rectal cancer,[@b34-ott-9-1721] breast cancer,[@b35-ott-9-1721] and lymphoma.[@b36-ott-9-1721]

In the analysis of the association between STAT4 and clinicopathological features of patients, Wubetu et al[@b14-ott-9-1721] and Wang et al[@b27-ott-9-1721] found that tumor size and differentiation were linked with STAT4 expression; however, no links were found in our study. We found similar result with Wubetu et al[@b14-ott-9-1721] that STAT4 expression in advanced TNM stage HCC patients was lower than in early TNM stage patients; the meta-analysis was also suggested that advanced TNM stage patients (one on NSCLC and two on HCC) have low STAT4 level. This study showed that the expression of STAT4 was lower in elder patients than younger patients. It was consistent with the results from the current meta-analysis, which showed a tendency of low STAT4 expression in older patients. This might be result in different metabolism rate and immunity between younger and elder patients. Meanwhile, we found positive rate of STAT4 was higher in female patients than males. It might be caused by different hormone environments in females and males, and it might be the reason that male patients are more susceptible to HCC than females.[@b37-ott-9-1721] However, the relationship between STAT4 and age, and sex need more studies with larger sample size to clarify. STAT4 seemed to act as a cancer suppressor gene in current meta-analysis. However, STAT4 expression was surprisingly higher in AFP-positive group with statistical significance. Currently, AFP was found inefficient with low sensitivity and specificity in HCC diagnosis.[@b38-ott-9-1721],[@b39-ott-9-1721] But serum level of AFP was still frequently used for the diagnosis of HBV-relative HCC with considerable sensitivity and specificity in the People's Republic of China.[@b40-ott-9-1721] In the meta-analysis of AFP and STAT4 expression, only three studies (including the current study) with 327 cases were included.[@b14-ott-9-1721],[@b27-ott-9-1721] No relationship was found between AFP and STAT4 in the studies of Wubetu et al[@b14-ott-9-1721] and Wang et al.[@b27-ott-9-1721] The relationship between STAT4 and AFP needs to be illuminated.

To test the effect of STAT4 in HCC, the growth and apoptosis of HCC HepG2 cells transfected with STAT4 siRNA were detected. Consistent with STAT4 expression tested in HCC tissues, results in vitro implied STAT4 plays a role as cancer suppressor in HCC. Wang et al[@b27-ott-9-1721] also found that downregulation of STAT4 could enhance proliferation of liver L02 cells, consistent with the current effect produced in HepG2 cells. However, Cheng et al[@b41-ott-9-1721] found the proliferation and invasion of colorectal cancer (CRC) cells was inhibited when *STAT4* gene was knocked down. Zhou et al[@b42-ott-9-1721] revealed that STAT4 was regulated by micro RNA-141 (miR-141) directly, and a negative relationship was found between the expression of STAT4 and miR-141 in gastric cancer cells. STAT4 was upregulated when miR-155 was knocked down in patient-derived MyLa cell.[@b43-ott-9-1721] The effect of Cryptotanshinone (CPT) on inhibiting breast tumor growth was studied,[@b44-ott-9-1721] and it was found that CPT regulated cytotoxic CD4^+^ T cells through upregulated Janus kinase 2 (JAK2) and STAT4, and played an antitumor role in breast cancer. It is known that the JAK/STAT pathway is involved in cell growth.[@b34-ott-9-1721] Therefore, STAT4 could play different roles according to variant cancers. Since there was little research on STAT4 in HCC cells, the mechanism of action of STAT4 in HCC is still unclear. As different HCC cell lines originate from different hosts, individual variation leads to HepG2 showing higher expression of STAT4 than HepB3, which was the result in our preliminary test via Western blotting. STAT4 has been reported to play an important role in the process of immunoreactions. STAT4 can be activated by IL-12, which is produced by antigen-presenting cells (APCs) and cells that have similar function as APCs; activated STAT4 can promote inflammatory cells like NK cells to produce IFN-γ.[@b45-ott-9-1721] Recent studies have suggested that IFN-γ can induce cells to undergo apoptosis through the change of microenvironment[@b46-ott-9-1721] and induced autophagy.[@b47-ott-9-1721] As an authorized activator of STAT4, IL-12 has the potential to evolve as a hot point in the STAT4-targeted therapy. We also noticed that dasatinib, one class of chemotherapy drugs targeting STAT3 in the clinic, can inhibit the growth of cells through preventing activation of STAT3, another member of the STAT family. Analogously, STAT4 also gains the potential to be a molecular target in future cancer treatment.[@b48-ott-9-1721]--[@b50-ott-9-1721]

Our study, together with literatures mentioned above, suggested STAT4 might have a potential role in the prediction of prognosis and progress in HCC and other malignancy. However, limitations existed in this study. First, the amount of included patients was limited. All tissues tested in this study were FFPE tissues, there may be some aberrance existed as compared with fresh biopsies. Second, only a small number of six papers were included in the meta-analysis because of language limitation and because not many studies on the expression of STAT4 in malignant tissues are available to date. Third, the mechanism of STAT4 in influencing the growth and apoptosis of HCC cells has not been explored, and no in vivo study has been available at present. Therefore, we will overcome the limitations mentioned above and explore the mechanism of STAT4 in HCC in a future study. Large cohort studies with high quality are needed to validate the conclusions. Also, patients recruited from multiple ethnicities would make it more convincing. Moreover, the molecular mechanism of STAT4 in HCC needs to be explored further.

Conclusion
==========

Above all, STAT4 protein was downregulated in HCC tissues compared with noncancerous tissues and was negatively correlated with TNM stage, number of tumor nodes, portal vein tumor embolus, and cirrhosis. Along with other previous research, our study strongly prompts that STAT4 is a tumor-suppressive gene. STAT4 may play an antioncogenic role in HCC and suppresses deterioration of HCC. Furthermore, STAT4 may be a potential targeted gene for molecular therapy in HCC. However, the potential role and the intrinsic molecular mechanism of STAT4 in HCC need further investigations.
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![IHC analysis for STAT4 in hepatocellular carcinoma tissues.\
**Notes:** STAT4 protein was present in noncancerous liver tissues and HCC tissues. IHC analysis showed cytoplasmic staining for STAT4 in normal liver tissue (**A**), cirrhosis tissue (**B**), and para noncancerous tissue (**C**). Weak staining of STAT4 in HCC tissues (**D**). Photographed at magnification of 400×.\
**Abbreviations:** IHC, immunohistochemical; HCC, hepatocellular carcinoma; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig1){#f1-ott-9-1721}

![IHC analysis of STAT4 in hepatocellular carcinoma and paired adjacent normal liver tissue.\
**Notes:** HCC tissue was stained inconspicuous in cytoplasm (left); paracancer tissue was stained remarkable in cytoplasm (right). Photographed at magnification of 100× (top) and 400× (bottom).\
**Abbreviations:** IHC, immunohistochemical; HCC, hepatocellular carcinoma; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig2){#f2-ott-9-1721}

![Recurrence-free survival analyzed by Kaplan--Meier curve based on the expression status of STAT4.\
**Notes:** The survival time compared between patients with STAT4 positive (mean = 47.747 months, 95% CI =50.890--61.044) and STAT4 negative (mean =56.811 months, 95% CI =51.071--62.550) showed no statistical significance (*P*=0.481).\
**Abbreviations:** CI, confidence interval; Cum, cumulative; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig3){#f3-ott-9-1721}

###### 

Meta-analysis comparing STAT4 expression and clinicopathological parameters in malignancy patients.

**Notes:** Forest plot reflects the individual and pooled OR with 95% CI. (**A**) Meta-analysis about the expression of STAT4 between cancer tissues and noncancerous tissues. (**B**) Meta-analysis about STAT4 and TNM stage (I--II versus III--IV) in malignancy patients, (**C**) STAT4 and age (old versus young), (**D**) STAT4 and sex (male versus female), (**E**) STAT4 and differentiation (low versus moderate and high), (**F**) STAT4 and the number of nodes (single versus multiple), (**G**) STAT4 and metastasis (happen versus not happen) and (**H**) STAT4 and AFP level (positive versus negative), HBV status (positive versus negative), and vascular invasion (happen versus not happen) in HCC patients. Heterogeneity was tested by chi-squared and inconsistency (*I*^2^). (**A**), (**E**), and (**F**) were calculated by random effect model for remarkable heterogeneity; others were pooled by fixed effect model.

**Abbreviations:** AFP, α-fetoprotein; CI, confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; OR, odds ratio; STAT4, single transducer and activator of transcription 4.
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![Expression of STAT4 protein on HCC HepG2 cells after siRNA transfection.\
**Notes:** Performed by Western blot (1. blank control, 2. mock control, 3. negative siRNA, 4. STAT4 siRNA).\
**Abbreviations:** HCC, hepatocellular carcinoma; siRNA, small interfering RNA; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig5){#f5-ott-9-1721}

![STAT4 siRNA promote growth in HCC HepG2 cells.\
**Notes:** HepG2 cells were incubated with STAT4 siRNA, negative siRNA, and blank control for 0, 48, and 96 hours. (**A**) Cell viability detected by CellTiter-Blue Cell Viability Assay. (**B**) Cell viability observed by fluorescent microscope after cells stained with Hoechst 33342 and PI. (**C**) Cell proliferation detected by MTS assay. ^\*^*P*\<0.05, ^\*\*^*P*\<0.01, STAT4 siRNA group compared with negative siRNA group.\
**Abbreviations:** HCC, hepatocellular carcinoma; PI, propidium iodide; siRNA, small interfering RNA; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig6){#f6-ott-9-1721}

![HepG2 cells observed by fluorescent microscope after cells stained with Hoechst 33342 and PI.\
**Notes:** HepG2 cells were incubated with the transfection of STAT4 siRNA and negative siRNA for 96 hours before Hoechst 33342/PI staining. Photographed at magnification of 200×.\
**Abbreviations:** PI, propidium iodide; siRNA, small interfering RNA; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig7){#f7-ott-9-1721}

![STAT4 siRNA--inhibited apoptosis in HCC HepG2 cells.\
**Notes:** HepG2 cells were incubated with the transfection of STAT4 siRNA and negative siRNA for 96 hours before Hoechst 33342/PI staining and caspase-3/7 activity evaluation. (**A**) Cell apoptosis tested by fluorescent microscope after Hoechst 33342 and PI staining. (**B**) Caspase 3/7 activity assessed by Apo-ONE^®^ Homogeneous Caspase-3/7 Assay. ^\*^*P*\<0.05, STAT4 siRNA group compared with negative siRNA group.\
**Abbreviations:** HCC, hepatocellular carcinoma; PI, propidium iodide; siRNA, small interfering RNA; STAT4, single transducer and activator of transcription 4.](ott-9-1721Fig8){#f8-ott-9-1721}

###### 

SiRNAs contained in the STAT4 siRNA pool

  Name           Sequence of siRNA       Matched location in STAT4 mRNA
  -------------- ----------------------- --------------------------------
  siSTAT4-1134   AAGGCAATTGGAGAAACTAGA   1,134--1,154
  siSTAT4-1537   AAGTCCAGTGCTGGAGGTAAA   1,537--1,557
  siSTAT4-2281   AACCCTCTGAAGTACCTATAT   2,281--2,301
  siSTAT4-2314   AAAGACAAAGCCTTCGGTAAA   2,314--2,334

**Abbreviations:** STAT4, single transducer and activator of transcription 4; siRNA, small interfering RNA.

###### 

The relationship between clinicopathological parameters and the expression status of STAT4 in HCC

  Clinicopathological features    n     Expression of STAT4, n (%)   *Z*         *P*-value                                              *r*                                                *P*-value   
  ------------------------------- ----- ---------------------------- ----------- ------------------------------------------------------ -------------------------------------------------- ----------- --------------------------------------------------
  Group                                                                                                                                                                                                
   Adjacent non-cancerous liver   171   80 (46.8)                    91 (53.2)   *H*=37.635                                             0.000[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   0.302       0.000[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   HCC                            171   121 (70.8)                   50 (29.2)                                                                                                                         
   Cirrhosis                      37    13 (35.1)                    24 (64.9)                                                                                                                         
   Normal                         33    9 (27.3)                     24 (72.7)                                                                                                                         
  Sex                                                                                                                                                                                                  
   Male                           153   113 (73.9)                   40 (26.1)   −2.587                                                 0.010[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   0.198       0.009[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   Female                         18    8 (44.4)                     10 (55.6)                                                                                                                         
  Differentiation                                                                                                                                                                                      
   High                           20    12 (60.0)                    8 (40.0)    *H*=1.481[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   0.477                                              −0.026      0.733
   Moderate                       98    72 (73.5)                    26 (26.5)                                                                                                                         
   Low                            53    37 (69.8)                    16 (30.2)                                                                                                                         
  Size                                                                                                                                                                                                 
   \<5 cm                         58    41 (70.7)                    17 (29.3)   −0.014                                                 0.988                                              −0.001      0.988
   ≥5 cm                          113   80 (70.8)                    33 (29.2)                                                                                                                         
  Tumor nodes                                                                                                                                                                                          
   Single                         68    37 (54.4)                    31 (45.6)   −3.542                                                 0.000[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   −0.313      0.000[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   Multiple                       61    51 (83.6)                    10 (16.4)                                                                                                                         
  Metastasis                                                                                                                                                                                           
   −                              90    62 (68.9)                    28 (31.1)   −0.565                                                 0.572                                              −0.043      0.573
   +                              81    59 (72.8)                    22 (27.2)                                                                                                                         
  Clinical TNM stage                                                                                                                                                                                   
   I−II                           48    26 (54.2)                    22 (45.8)   −2.971                                                 0.003[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   −0.228      0.003[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   III−IV                         123   95 (77.2)                    28 (22.8)                                                                                                                         
  Portal vein tumor embolus                                                                                                                                                                            
   −                              84    49 (58.3)                    35 (41.7)   −3.281                                                 0.001[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   −0.29       0.001[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   +                              45    39 (86.7)                    6 (13.3)                                                                                                                          
  Vascular invasion                                                                                                                                                                                    
   −                              77    48 (62.3)                    29 (37.7)   −1.738                                                 0.082                                              −0.154      0.082
   +                              52    40 (76.9)                    12 (23.1)                                                                                                                         
  Tumor capsular infiltration                                                                                                                                                                          
   With complete capsule          61    40 (65.5)                    21 (34.4)   −0.608                                                 0.543                                              −0.054      0.545
   Infiltration or no capsule     68    48 (70.6)                    20 (29.4)                                                                                                                         
  HCV                                                                                                                                                                                                  
   −                              87    60 (69.0)                    27 (31.0)   −0.262                                                 0.794                                              0.023       0.795
   +                              42    28 (66.7)                    14 (33.3)                                                                                                                         
  HBV                                                                                                                                                                                                  
   −                              24    15 (62.5)                    9 (37.5)    −0.664                                                 0.507                                              −0.059      0.509
   +                              105   73 (69.5)                    32 (30.5)                                                                                                                         
  AFP                                                                                                                                                                                                  
   −                              54    45 (80.4)                    11 (19.6)   −2.212                                                 0.027[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   −0.212      0.026[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   +                              56    33 (61.1)                    21 (38.9)                                                                                                                         
  Cirrhosis                                                                                                                                                                                            
   −                              74    43 (58.1)                    31 (41.9)   −3.168                                                 0.002[\*](#tfn2-ott-9-1721){ref-type="table-fn"}   0.243       0.001[\*](#tfn2-ott-9-1721){ref-type="table-fn"}
   +                              97    78 (80.4)                    19 (19.6)                                                                                                                         
  nm23                                                                                                                                                                                                 
   −                              25    18 (72.0)                    7 (28.0)    −0.451                                                 0.652                                              0.04        0.654
   +                              104   70 (67.3)                    34 (32.7)                                                                                                                         
  P53                                                                                                                                                                                                  
   −                              54    40 (74.1)                    14 (25.9)   −1.208                                                 0.227                                              0.107       0.229
   +                              75    48 (64.0)                    27 (36.0)                                                                                                                         
  P21                                                                                                                                                                                                  
   −                              84    60 (71.4)                    24 (28.6)   −1.066                                                 0.286                                              0.094       0.288
   +                              45    28 (62.2)                    17 (37.8)                                                                                                                         
  VEGF                                                                                                                                                                                                 
   −                              33    21 (63.6)                    12 (36.4)   −0.653                                                 0.514                                              −0.058      0.516
   +                              96    67 (69.8)                    29 (30.2)                                                                                                                         
  Ki−67                                                                                                                                                                                                
   Low                            62    43 (69.4)                    19 (30.6)   −0.446                                                 0.656                                              0.04        0.658
   High                           61    40 (65.6)                    21 (34.4)                                                                                                                         
  MVD                                                                                                                                                                                                  
   Low                            61    45 (73.8)                    16 (26.2)   −1.278                                                 0.201                                              0.113       0.202
   High                           68    43 (63.2)                    25 (36.8)                                                                                                                         
  CDK5                                                                                                                                                                                                 
   −                              182   90 (49.5)                    92 (50.5)   −1.692                                                 0.091                                              −0.083      0.091
   +                              230   133 (57.8)                   97 (42.2)                                                                                                                         

**Note:**

*P*\<0.05.

**Abbreviations:** AFP, α-fetoprotein; HBV, hepatitis B virus; *H*, statistic Kruskal−Wallis *H*-test; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; MVD, micro-vessel density; n, the number of cases; *r*, correlation coefficient of Spearman's rank correlation; STAT4, signal transducer and activator of transcription 4; *Z*, statistic of Mann−Whitney *U*-test.

###### 

Correlation between age and the expression of STAT4 in hepatocellular carcinoma

  Age (years)   n     STAT4 expression   *Z*         *P*-value   
  ------------- ----- ------------------ ----------- ----------- -------
  \<50          67    40 (59.7)          27 (40.3)   −2.554      0.011
  ≥50           104   81 (77.9)          23 (22.1)               

**Abbreviations:** n, number of cases; STAT4, signal transducer and activator of transcription 4; *Z*, statistic of Mann--Whitney *U*-test.
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